Cardiovascular and pharmacokinetic consequences of combined administration of verapamil and propranolol in dogs.
Verapamil and propranolol, alone and in combination, were given intravenously to anesthetized dogs to analyze the interaction between drug-induced cardiovascular effects and the resulting changes in pharmacokinetics. Dosing regimens were used that produced steady state plasma levels of both drugs, and the observed effects were clearly related to the plasma concentrations of the agents. When given alone, at stable "therapeutic" levels in plasma, verapamil or propranolol decreased spontaneous heart rate, increased atrioventricular conduction time, and had opposite effects on cardiac output. At the same doses, the combined infusion of the 2 drugs rapidly resulted in profound depression in cardiac function; in addition, plasma concentrations of both agents increased into ranges associated with cardiovascular toxicity. When verapamil doses were reduced, combined infusion with propranolol decreased atrioventricular conduction and cardiac output, but drug plasma concentrations (and associated effects) remained stable. When reduced doses of propranolol were added to infusion of verapamil, similar effects on cardiovascular function occurred, but plasma drug levels increased progressively throughout the remainder of the study period. In all combinations studied, beta blockade with propranolol decreased liver plasma flow and, therefore, the systemic clearance of verapamil. The in vitro effects of propranolol on verapamil metabolism were small, although significant, and not clinically relevant. These acute studies suggest that the hemodynamic effects resulting from verapamil and propranolol in combination may significantly diminish clearance of 1 or both drugs, thereby resulting in accumulation during continued administration, increased drug effects with increasing plasma concentrations, and potentially lethal drug toxicity.